The occurrence of bacteria in sperm samples intended for in vitro fertilization, can compromise the outcome of assisted reproductive techniques. Effective semen processing procedures should therefore be implemented to remove bacteria from semen. Unfortunately, technique failure does occur whereby bacteria can be found in processed sperm preparations.
Introduction
Bacteriospermia, the occurrence of bacteria in semen (Keck et al., 1998) , is present among 54% -57% of patients attending infertility centres (Cottell et al., 2000; Gdoura et al., 2008; Kiessling et al., 2008) with the presence of bacteria in semen attributed to systemic and local reproductive tract infections, or to contamination post-ejaculation (Bielanski, 2007) . During assisted reproductive techniques (ART) including intra-uterine insemination (IUI), in vitro fertilization and intracytoplasmic sperm injection (Krissi et al., 2004) , the natural immunological defence mechanisms present in the female reproductive tract are bypassed (Cottell et al., 1997) . Consequently, bacteria may be introduced into the upper genital tract, or the embryo culture system, potentially leading to a compromised outcome of ART and, or infection of the female genital tract (Cottell et al., 2000; Cottell et al., 1997; Kastrop et al., 2007; Huyser et al., 1991) . The frequency of micro-organism infections post-IUI is approximately 0.01% (Broder, Sims & Rothman, 2007) and infections of in vitro embryo culture systems, range between 0.35% and 0.68% (Kastrop et al., 2007; Cottell et al., 1996) .
Patients with semen cultures positive for bacteria should undergo antibiotic treatment prior to ART. However, antibiotic treatment will be ineffective against skin contaminants present in semen. Therefore, antibiotics (penicillin, streptomycin and gentamycin) are usually added to semen processing and embryo culture media (Cottell et al., 1997; Kastrop et al., 2007; Magli et al., 1996; Gardner & Lane, 2007) . This addition of antibiotics to culture media, however, may result in antibiotic resistant bacterial strains (Kastrop et al., 2007) , as well as a decreased embryo cleavage rate (Magli et al., 1996; Lemeire, Van Merris & Cortvrindt, 2007) . Semen washing, with an extra swim-up step, has been reported to be more effective in decreasing the incidence of potential pathogens in sperm samples compared to antimicrobial therapy by prescription antibiotics (Huyser et al., 1991) .
Semen processing procedures that are effective in the elimination of bacteria from semen are required. Depending on the processing method employed, 5% -43% of sperm samples will remain positive for bacteria post-processing (Cottell et al., 1997; Huyser et al., 1991; Knox et al., 2003) . Procedural failure could be attributed to the contamination of the sperm pellets post-processing. A medical grade polypropylene, centrifuge tube insert (Proinsert™, Nidacon International, Mölndal, Sweden), has been developed to avoid inadvertent contamination without further washing (Loskutoff et al., 2005) .
The purpose of this study was; 1) to determine the prevalence of bacteria in semen of men attending an infertility centre at Steve Biko Academic Hospital (SBAH), and 2) to evaluate the effectiveness of density gradient centrifugation (DGC) using a centrifuge tube insert for the removal of prevalent bacteria and yeast from spiked human semen samples.
Materials and Methods
Institutional approval for the study was received from SBAH and the Medical Research Council's Ethics Committee, University of Pretoria (protocol number 37/08).
Prevalence of bacteria in semen
The prevalence of bacteria in semen samples (n=1,210) from men (n=1,038) participating in the ART program at SBAH were surveyed in 2007-2010. Patients were requested to sexually abstain for three days. Guidelines to deliver semen samples for diagnostic evaluation (World Health Organization, 2010), were verbally discussed with patients (Boucher et al., 1995) . These guidelines were also available in a written format in four national indigenous languages. 
Results

Prevalence of bacteria in semen
The prevalence of bacteria in semen is indicated in Table 1 . Pseudomonas spp., Citrobacter spp., Haemophilus spp., Micrococcus spp., Neisseria spp., Bacillus spp., Acinetobacter spp., Enterococcus spp. and Aeromonas hydrophila were present in <1% of semen samples.
Semen processing for the elimination of bacteria and yeast from spiked semen samples
Sperm pellet retrieval using the novel ProInsert ™ eliminated recontamination, and removed significantly more micro-organisms (96%) from semen compared to processing without the insert [P<0.004 with respect to mean log(cfu)]. Treated sperm pellets remained clear of microorganisms below the spiking concentration of 1 x 10 5 cfu/ml. Bacterial and yeast concentrations (cfu/ml) present after processing with and without the insert are illustrated in 
Discussion Presence of bacteria in semen
Bacteria were present in 50% of semen samples from men seeking ART at SBAH during the period 2007-2010. This is in agreement with results from studies that reported bacterial prevalence in neat semen samples to be between 54% and 57% (Cottell et al., 2000; Gdoura et al., 2008; Kiessling et al., 2008) . The presence of bacteria in an in vitro embryo culture system can compromise the outcome of assisted reproductive procedures, by impacting directly on sperm quality by a reduction in motility (Nunez-Calonge et al., 1998) , by the induction of apoptosis/necrosis (Villegas et al., 2005) , or by causing degeneration of in vitro fertilized oocytes (Huyser et al., 1991) . During embryo transfer the introduction of pathogens, such as Mycoplasma genitalium, into the uterus can lead to intra-uterine infections that may lead to infertility (Kastrop et al., 2007; Grzesko et al., 2009) . Infected sperm samples used for in vitro fertilization are a considerable cause (35%) of infected embryo culture systems (Kastrop et al., 2007) . Therefore, the sterile delivery and effective preparation of sperm samples intended for use in ART should be a priority.
Urination and proper washing prior to collection of a semen sample is recommended by the World Health Organization (WHO, 2010) . Appropriate washing will significantly reduce bacterial infection of semen samples (Krissi et al., 2004) ; nevertheless, micro-organisms resident within the male genital tract will continue to contaminate ejaculates (Woolley et al., 1992) . Semen samples from patients enrolling in an ART program should be examined for the presence of micro-organisms and those patients presenting with reproductive tract infections should undergo antibiotic treatment prior to ART. However, microorganisms such as Mycoplasma genitalium, cannot be cultured on substrates generally used for the detection of mycoplasmas. Patients with asymptomatic undetected infections will therefore be overlooked and the infection will remain untreated (Grzesko et al., 2009) . Due to the fact that bacterial presence in semen is mostly attributable to contamination by skin flora (Krissi et al., 2004; Kim & Goldstein, 1999) , treatment of these patients with antibiotics will be ineffective (Huyser et al., 1991) . Therefore, the importance of strictly adhering to the prescribed washing guidelines to deliver a semen sample must be stressed to patients (Boucher et al., 1995) .
Sufficient washing prior to the delivery of a semen sample will reduce the presence of outer skin contaminants, but will not eliminate bacteria, since microorganisms may also be present in the anterior urethra (Kohn et al., 1998; Damirayakhian, Jeyendran & Land, 2006) .
The last line of defence against seminal-derived bacterial contamination of the embryo culture system, is semen processing, utilizing strict aseptic techniques and proper changing of sterile pipette tips and tubes between the DGC and washing procedures (Nicholson et al., 2000) .
Unfortunately technical error often occurs. Bacterial contaminants, as well as sexual transmitted pathogens such as Ureaplasma parvum and Ureaplasma urealyticum, have been found in processed sperm samples (Cottell et al., 1997; Huyser et al., 1991; Knox et al., 2003) . During standard processing methods, the supernatant is aspirated to allow access to the purified sperm pellet. Pathogens from the upper layers can adhere to the inside surface of the test tube and flow down to re-infect the purified sperm. Details of the method have been previously described (Loskutoff et al., 2005) . The current study demonstrated that, by utilizing the ProInsert ™ , re-infection of the purified sperm pellets post-DGC was and significantly (96%) more bacterial colony forming units were removed from semen when compared to processing without the insert (P<0.004), all without a further swim-up step.
Treated sperm pellets remained clear of bacteria below the spiking concentration of 1 x 10 5 CFU/ml. Similar semen processing methods using the ProInsert ™ has also proved to be effective in the removal of human immunodeficiency virus subtype 1 (HIV-1) and hepatitis C virus from in vitro spiked semen (Loskutoff et al., 2005) .
In conclusion, the high prevalence of seminal pathogens warrants the need for improved semen processing procedures. In the present study the novel ProInsert ™ device facilitated discontinuous density gradient layering, retrieval of the treated sperm pellet without recontamination, and effective removal of selected seminal pathogens. Used test tubes containing the insert after semen processing can be capped and the potential hazardous material contained within the test tube can be appropriately disposed of. The ProInsert ™ , therefore, allows for a cost-effective and user-friendly means to improve the effectiveness of DGC to eliminate pathogens from semen. The results of this report reflects the comments by Anderson & Politch (2003) that more attention be given to develop improved semen processing methods, particularly in developing countries.
